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A major function of the skin is to form and maintain a
protective barrier against physical, chemical and biological
insults from the outside environment. Cornified envelopes
(CEs), the cross-linked protein ghosts of the flattened cells
in the stratum corneum, form the cornerstone of this barrier.
The CE consists of large number of cross-linked precursor
proteins and attached lipids, and it appears as an electron
dense sheath beneath the plasma membrane. Despite the
insolubility of the final product, different experimental
approaches have led to a model that implicates that the
CE assembly is an ordered process where deposition and
cross-linking of one class of proteins, the early precursors,
precedes the subsequent assembly and cross-linking of the
abundant late precursors (Kalinin et al, 2002). However,
there remain plenty of puzzling aspects in the CE assembly.
First, gene ablation studies in mice indicate a high degree of
redundancy in the assembly. Indeed, none of the structural
components knocked out so far have proved to be
absolutely necessary for the assembly (Kalinin et al.,
2002). Second, the uniform structure and hierarchical model
for assembly indicate that the intracellular transport of the
cornified envelope precursors is accurately regulated
process. This said, only a few studies have been conducted
on how the subcellular distribution of CE precursors is
achieved. Writing in this issue, Broome and Eckert have
addressed the mechanism behind re-distribution of
S100A11 protein in cultured keratinocytes demonstrating
a role for the microtubule cytoskeleton in the localization of
S100A11 (Broome and Eckert, 2004).
A current view (reviewed in Kalinin et al, 2002) of the initial
stages of CE assembly can be summarized as follows.
Briefly, desmosomal plaques are retained in CEs and are
thought to form a network of evenly distributed landmarks
where envelope assembly can be initiated. Two early
precursor proteins, envoplakin and periplakin, are asso-
ciated to desmosomes, but also distributed more widely at
the membrane surrounding desmosomes (Di Colandrea et al,
2000). Envoplakin is frequently cross-linked to another early
CE precursor, involucrin, and it is proposed that the cross-
linking of these three proteins by membrane bound
transglutaminase-I forms an initial scaffold that extends over
the free space between desmosomes (Steinert and Marekov,
1999; Di Colandrea et al, 2000). Notably, accumulation of
envoplakin and involucrin immunoreactivity and the cross-
links between them is an early event at immature envelopes
isolated from cultured primary keratinocytes (Steinert and
Marekov, 1999). Further evidence for the localization of these
proteins immediately beneath the membrane during the
assembly of the envelopes is that both periplakin and invol-
ucrin harbour a substantial amount of covalently attached
ceramide lipids in epidermis (Marekov and Steinert, 1998).
Further important candidates for the organization of the
scaffold and facilitation of the membrane environment for the
initiation of CE synthesis are annexins I and II, although only
annexin I has been demonstrated to be a bona fide trans-
glutaminase I substrate (Robinson et al, 1997). Annexins are
able to bind membrane phospholipids after an elevation in
the intracellular Ca2þ concentration, making these proteins
likely participants in the early scaffold formation. Annexins
interact with S100 EF-hand calcium binding proteins and,
indeed, S100A11 and S100A10, epidermal S100 family
members, have been identified as CE precursors and
transglutaminase I substrates (Robinson et al, 1997; Ruse
et al, 2001). It has been suggested the annexin/S100 protein
system could subsequently help to retain involucrin and
other early scaffold proteins at the membrane (Steinert and
Marekov, 1999). The late precursors, such as loricrin, small
proline rich proteins, and LEP proteins are thereafter
assembled and cross-linked on the existing scaffold along
with bundles of keratin intermediate filaments.
How do the early CE precursor proteins reach the plasma
membrane to provide a continuous lattice or scaffold for the
interdesmosomal membrane? Broome and Eckert (2004)
tackle the issue of S100A11 distribution by confocal
microscopy of cultured human primary keratinocytes. The
authors demonstrate that S110A11 interacts with the
microtubule network and that intact microtubules are
required for the transport of S110A11 to the cell periphery.
In their culture system a one-hour incubation in 0.3 mM
Ca2þ is sufficient for re-distribution of both S100A and
annexin I to the cell periphery without any obvious change
in the expression level of either protein. This rapid re-
localization is consistent with the above notion that these
Ca2þ – binding proteins can form a membrane-associated
complex at the early stages of CE assembly, which is further
supported by the immunofluorescence staining of S100A11
expression in human skin sections performed by the
authors. S100A11 was found to be localized to cell
periphery of suprabasal keratinocytes and, intriguingly, to
the nuclei of Langerhan’s cells (Broome and Eckert, 2004).
To demonstrate the requirement of intact microtubules,
Broome and Eckert collapsed the microtubule network by
applying vincristine to cultured keratinocytes prior to the
Ca2þ switch. In the presence of vincristine, S100A11 was
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not mobilized to cell periphery but codistributed with tubulin
into perinuclear aggregates. Furthermore, the authors
demonstrate a putative direct interaction of b-tubulin and
S100A11 by coimmunoprecipitation assays. Notably, the
fact that other members of S100 calcium binding proteins
have previously been shown to be trafficked along the
microtubule network (Rammes et al, 1997) gives additional
support for the current results.
To our knowledge, the current study on S100A11 protein
is the first demonstration of an involvement of microtubules
in the assembly of epidermal cell cornified envelopes.
Earlier, it has been reported how epithelial-microtubule-
associated protein E-MAP-115, a microtubule stabilizing
protein, is up-regulated in suprabasal cell layers of the
epidermis and re-distributed to cell periphery upon Ca2þ
induced differentiation of cultured cells (Fabre-Jonca et al,
1999). Thus, the microtubule network itself is qualitatively
changed and re-distributed upon differentiation. It remains
to be studied how the dynamic changes in the microtubule
network in the differentiating keratinocytes can facilitate
trafficking of both CE precursors and lipid vesicles.
Can we now assume that microtubules provide a handy
highway to membrane locations for all early (and late) CE
precursors? This appears not to be the case. On the contrary,
different CE precursors seem to have harnessed a variety of
strategies to arrive for their date with transglutaminases. An
intriguing example is the heterodimer (or tetramer) of
envoplakin and periplakin. Analysis of the subcellular
distribution of these proteins and transfection experiments
studying the localization of individually expressed plakin
protein domains have provided evidence for a strategy that is
markedly different from the microtubule-based transport
utilized by S100A11. First, neither plakin colocalizes with
microtubules. Instead, periplakin (and the heterodimer with
envoplakin) can be targeted to both desmosomes and to
cortical actin network in a manner that is dependent on the
N-terminal ‘‘plakin box’’ domain of periplakin (Di Colandrea
et al, 2000). Furthermore, drugs such as latrunculin b, that
collapse actin microfilaments, trigger re-distribution of
periplakin to actin aggregates, indicating that localization
of plakin heterodimer is dependent on actin cytoskeleton.
This said, any direct evidence for biochemical interaction
between actin and periplakin N-terminus is yet to be found,
and it is possible that so far unidentified proteins bridge
periplakin to microfilaments (Di Colandrea et al, 2000).
Loricrin, an abundant late envelope precursor, utilizes a
third route. As a highly insoluble protein, loricrin accumulates
in cytoplasmic granules that are reminiscent of inclusion
bodies. A subsequent cross-linking of loricrin and small
proline rich proteins has been suggested to help to solubilize
loricrin and promote the transport of the oligomers to the
envelope (Kalinin et al, 2002). Notably, it is not exactly known
how this last step of loricrin transport is achieved.
Thus, a correct localization of CE precursors appears to
involve several independent mechanisms: transport along
microtubules, association with cortical actin network and a
temporary accumulation in cytoplasmic aggregates. A fourth
possible mechanism would be an association with the
cytoplasmic leaflet of the membrane around lamellar bodies
(LB). Secretion of the complex lipids carried by LBs should
occur before or simultaneously with the scaffold cross-
linking (i.e., before access to the plasma membrane is
blocked by a protein barrier). Thus the cytoplasmic surface of
LBs would constitute an ideal site to initiate the scaffold
formation. Further support to this hypothesis is that the
scaffold precursors, especially involucrin and periplakin, are
covalently cross-linked to ceramide lipids that are a
constituent of LB membrane. Interestingly, the current paper
by Broome and Eckert also addresses the relation of
S100A11 transport and Golgi-derived vesicles. No coloca-
lization between S100A11 and either ER or Golgi markers
was found. Moreover, brefeldin A, a toxin that blocks vesicle
budding in the secretory pathways, did not interfere with
S100A11 re-distribution after the induction Ca2þ induced
differentiation. Thus, the intracellular transport of S100A11
appears independent of vesicular trafficking.
In summary, Broome and Eckert have revealed a novel
aspect in the complicated process of epidermal barrier
acquisition. By studying S100A11 protein localization they
have found out that at least some cornified envelope
precursors rely on the microtubule network for re-distribution
to the cell periphery. In order to understand the mechanisms
regulating the differential composition and assembly of CEs
in different skin locations, it is important not only to know a
comprehensive list of envelope precursors but also how their
access and trafficking to sites of cross-linking is regulated.
No doubt, the recent advances in live cell imaging will
provide a powerful tool for such analysis.
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